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The idea for humans of a life lived 
mostly in juvenile or larval form 
appears bizarre. But for many 
invertebrates that is exactly how it 
turns out. Mayflies, dragonflies and 
even butterflies can exist mostly 
in larval form: the adult sometimes 
emerging as a brief mating 
machine.
But a larval-oriented lifestyle 
appears to be rare amongst 
vertebrates where the progression 
of development tends to have a 
more familiar pattern for humans. 
So it has been a big surprise 
that researchers have found one species of chameleon, Furcifer 
labordi, in Madagascar that spends 
most of its life as an egg.
Kristopher Karsten at Oklahoma 
State University, and colleagues 
at the University of Antananarivo 
in Madagascar and the American 
Museum of Natural History in  
New York, have found a chameleon 
with a remarkable lifestyle and 
report the results in the latest issue 
of the Proceedings of the National 
Academy of Sciences (published 
online).
Although there are almost 
limitless theoretical combinations 
of life-history traits that species 
may evolve, they lie on a continuum 
of high reproductive rates, rapid 
growth and short lifespans at one end of the spectrum, to low 
reproductive rates, slow growth and 
long lifespans at the opposite end.
Most tetrapods — four-legged 
vertebrates — have a lifespan that 
exceeds one year.
The researchers examined the 
life cycle of F. labordi in the arid 
southwestern part of Madagascar. 
They found that in November a 
cohort of chameleons hatch, while 
no older juveniles or adults are 
present. These hatchlings grew 
rapidly, reaching sexual maturity 
in often less than two months, 
and reproducing in January and 
February. “After reproduction, 
senescence appears, and the 
active season concludes with 
population-wide adult death,” the Shelled: A new study finds that one species of chameleon, Furcifer labordi in Madagascar, spends most of its life as an egg. (Photo: Chris-
topher J. Raxworthy.)
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is, as one might expect, related 
to force. More precisely stress is 
the ratio of force to the area over 
which that force is exerted; it 
has units of force/distance2 and, 
importantly, a direction. In North 
American engineering, especially 
bioengineering literature, stress is 
often given in cgs units of dyne/ cm2; 
in most other studies, stress is 
given in SI units of N/m2, which 
is the same as a Pascal (1 Pa = 1 
N/m2 = 10 dyne/cm2). Neither unit 
is particularly well scaled to cell 
biology, but 1 Pa = 1 pN/µm2. Imagine 
a single kinesin motor pulling on 
a 1 µm diameter organelle: with a 
stall force of, say, 3 pN applied to 
the area of approximately 3 µm2, the 
motor generates approximately 1 Pa 
stress. It is important to differentiate 
stress from force. If you place a 
10 kg weight on a carton full of eggs, 
probably nothing will break. But if 
you put it on a single egg, things will 
be different.  The weight applies the 
same amount of force in both cases, 
but it produces a lot more stress  
on a single egg than on the array  
of eggs in a carton. 
There are different kinds of stress 
depending on the direction in which 
the force is exerted. A shear stress is 
parallel to the surface. For example, 
endothelial cells feel a shear stress 
on their apical surface due to blood 
flow in an artery, much as a river’s 
edge is subjected to shear stress 
that depends on how fast a river 
flows. Elongational and compressive 
stresses are perpendicular to the 
surface, and can be generated by 
the lengthening and shortening 
of muscles as they pull on the 
surrounding tissue.
Strain in rheology is somewhat 
different from its everyday meaning: 
it’s a purely geometrical quantity, 
a way to quantify the amount of 
deformation in a given material, and 
has no units. Much of the complexity 
of rheology relates to defining 
or measuring strain. Measurable 
quantities such as the distance by 
which some point moves in response 
to stress requires sometimes 
complicated formulas to convert 
them to strains, depending on the 
shape of the material and the place 
where the force is applied. 
The elastic modulus is the quantity 
that allows you to predict how much 
a material will deform elastically 
when you apply a certain amount of 
Rheology
Paul A. Janmey1  
and Manfred Schliwa2
What is rheology? Most people are 
familiar with the basics of rheology 
from experience with diarrhea or 
perhaps rheostats. The word rheology 
was invented in 1929 to name the 
discipline of a society engaged in 
the study of how materials deform in 
response to forces.  It was inspired 
by a quote by Heraclitus: “παντα 
ρει” translated as “everything flows”. 
Indeed everything does flow, but 
to different extents depending on 
how much force is applied, in what 
direction, and for how long. For 
materials more complex than simple 
springs, where a spring constant 
relates force to elongation, the goal 
of rheology is to provide quantitative 
parameters that define how a material 
will deform as a function of force, 
time and spatial orientation.
What are the quantities measured 
in rheology? In principle this is very 
simple — there are only three basic 
ideas. First: stress, the amount of 
force applied to a given area of the 
sample. Second: strain, the degree 
to which the material deforms. And 
third: the ratio of stress to strain, 
which defines the elastic modulus for 
a solid, and the ratio of stress to rate 
of strain (or flow rate), which defines 
the viscosity for a liquid. The big 
complication is that most materials, 
and especially all biological materials, 
have both liquid and solid aspects. 
Consequently, material properties 
like elastic moduli and viscosities are 
not constants but functions of time, 
force, the direction in which the force 
is applied, and so on. 
What’s the difference between 
stress and strain? This is important 
to get straight because these words 
don’t have exactly the same meaning 
as in everyday speech. Strain is 
what millions of people feel in their 
backs, or their relationships, and 
the cause of it is stress. Stress 
causes strain, but the amount of 
strain depends in some sense on 
how tough one is. Stress in rheology 
Quick guideresearchers write. So, during 
the dry season, the entire 
population is represented by 
developing eggs that incubate 
for 8–9 months, before hatching 
synchronously at the beginning 
of the following rainy season. 
“Remarkably, this chameleon 
spends more of its short annual 
life cycle inside the egg than 
outside it,” they report.
The authors reviewed data on 
the life cycle of more than 1,700 
tetrapod species and did not find 
evidence of any species having 
a cycle based on a single year. 
They also found no other species 
with a post-embryonic lifespan of 
only 4–5 months.
“The physically intense social 
system of this species, the harsh 
and unpredictable environment 
it inhabits, with a brief active 
season and when adult mortality 
is already high, may exacerbate 
the compression of life into such 
a brief period”, the authors write.
Researchers have found 
one species of chameleon 
in Madagascar that spends 
most of its life as an egg
The researchers also believe 
the new research may throw light 
on a widely reported problem; the 
short life of many chameleons in 
captivity. While many keepers felt 
their skills were failing in the face 
of such mortality, the researchers 
believe these death rates may 
reflect the natural mortality of 
these animals.
“A new appraisal may be 
warranted concerning the 
viability of chameleon breeding 
programs, which could have 
special significance for species 
of conservation concern,” they 
write.
And the researchers believe 
this species, which has closely 
related longer-lived species, 
might help throw light on the 
mechanisms of ageing and 
longevity.
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